ABSTRACT: Quantitative seasonal studies on gelatinous zooplankton in Norwegian fjords are scarce. We recorded the quantitative composition of the gelatinous zooplankton community in Korsfjord and Fanafjord during 1 yr. Thirty-six species or genera of hydromedusae, 7 species of siphonophores, 4 species of ctenophores and 2 species of scyphomedusae were recorded. Aglantha digitale was numerically dominant in both fjords. A separate video-profiling study on the vertical distribution of fully grown specimens of this species was made in Korsfjord and the adjacent Bjørnafjord. Our data suggest 2 A. digitale generations yr -1 , with relatively low importance of the latter generation. The overwintering strategy includes autumn growth to full size and distribution at intermediate depth, mainly between 200 and 300 m. Siphonophores were prominent in the more oceanic Korsfjord, while Fanafjord was characterized by meroplanktonic hydromedusae. More species were recorded from Korsfjord, which may be partly attributed to the larger volume sampled and the higher probability of encountering oceanic visitors in this fjord. Korsfjord also harbored a community of deep-water hydromedusae absent from Fanafjord. The gelatinous community of both fjords was most numerous and species-rich from April to June. Spring maximum densities were higher in Fanafjord. During winter, gelatinous zooplankton was more abundant in Korsfjord, with eudoxids of Dimophyes arctica and Lensia conoidea forming the bulk of the community. Hydromedusa species appeared sequentially and differed in terms of maximum abundance attained and length of their presence in the plankton. Multivariate analyses revealed a clear seasonal succession for the gelatinous community of both fjords.
INTRODUCTION
When abundant, gelatinous predators can have profound effects on the plankton community through direct predation and competition for food (Alldredge 1984 , Matsakis & Conover 1991 , Behrends & Schneider 1995 , Nicholas & Frid 1999 as well as trophic cascading effects (Verity & Smetacek 1996 , Schneider & Behrends 1998 ). However, due to the highly seasonal occurrence of many gelatinous species, their structuring effect on the pelagic community is often temporary (Matsakis & Conover 1991 , Behrends & Schneider 1995 . In order to quantify the role of gelatinous predators in an ecosystem, knowledge of their seasonality is of paramount importance.
Meroplanktonic hydromedusae are a major component of gelatinous zooplankton in the neritic zone. The planktonic medusae are usually budded off by a benthic hydroid, and are generally only found in the water column seasonally. The medusae of different species tend to appear in the plankton in a more or less predictable succession (Mills 1981 , 1993 , Ballard & Myers 2000 .
Several earlier studies addressed the composition of gelatinous fauna (especially hydromedusae) along the Norwegian coast (Kramp & Damas 1925 , Runnström 1931 , Rees 1952 , Kramp 1959 , Rasmussen 1971 , but none of these represents a truly quantitative seasonal study for the whole gelatinous community. In the present paper we describe and compare seasonal changes in the gelatinous zooplankton community of 2 adjacent fjords, Korsfjord and Fanafjord, on the west coast of Norway, and quantify the seasonal occurrence and abundance of hydromedusae in these fjords.
Korsfjord is a large fjord with a 250 m sill and a maximum depth of 690 m. It has numerous secondary connections with the sea through an archipelago in the southwest, as well as connections to further fjord systems in the south and, to a lesser extent, north (see Fig. 1 ). The deep-water pelagic ecology of Korsfjord was extensively studied in the 1960s and 1970s (see Matthews & Sands 1973) and the hydrography of the fjord has been described by Bakke & Sands (1977) as well as Matthews & Sands (1973) . The shallower (maximum depth ca. 155 m) and smaller Fanafjord is separated from Korsfjord by a 90 m sill (Wassmann 1984) . The deep water in both Fanafjord and Korsfjord is frequently renewed by Atlantic water from the continental shelf, characterized by a salinity > 35 (Wassmann 1984) .
MATERIALS AND METHODS
Sampling and processing of material. Zooplankton net sampling was performed during 2003. Three stations in Korsfjord and one in Fanafjord ( Fig. 1) were sampled 1 to 2 times mo -1 , in total 20 times over the year, using a WP3 net with 300 µm mesh size and a nonfiltering cod-end. The net was hauled vertically from approximately 20 m above the bottom to the surface at ca. 0.3 m s -1
. A CTD instrument (SAIV A/S, SD204) recording temperature and salinity was attached to the net. The collected material was immediately concentrated by using a 300 µm meshed sieve and preserved with borate-buffered 4% formalin in seawater. Gelatinous animals were identified and enumerated using a stereomicroscope. All animals from smaller samples were counted. The largest samples were split in half using a Folsom splitter. Animals were then counted from one half, while the other half was scanned for additional species. Siphonophores were rarely collected intact, so their numbers were estimated from the parts found in the samples (authors' unpubl. data) . The enumeration of physonect siphonophores was primarily based on the number of pneumatophores and intact colonies. When this was not feasible, nectophore count was used to estimate the number of colonies. Anterior nectophores and eudoxids were counted for calycophoran siphonophores. Abundances per volume were calculated based on the length (m) of the haul and assuming 100% filtering efficiency of the net. When present, at least the first 10 encountered specimens of each species were measured. Height of the bell was measured for prolate medusae and diameter of the bell for oblate medusae. Presence or absence of gonads was noted for Aglantha digitale.
An additional study on the vertical distribution of Aglantha digitale was made in Korsfjord and the adjacent Bjørnafjord (60°05.50' N, 5°30.00' E) during October 2004 and May 2005 . A remotely operated vehicle (ROV) with video camera and illumination was used (see Båmstedt & Youngbluth 2000) in vertical video transects throughout the water column. The system was configured for macroplankton recording, and we estimated that the lower size limit for enumeration of A. digitale was ca. 1 cm bell height. Thus, our results show the vertical distribution of adult medusae only. The quantification was based on an area of view of 1.2 m 2 , and the abundance was integrated over 10 m intervals.
Data analyses. Data analyses were performed with PRIMER version 5.2.9 software (PRIMER-E). To begin with, a matrix of Bray-Curtis similarities between all samples from all 4 stations was created. Abundances were 4th root-transformed to take into account the rarer species. Analysis of similarities (ANOSIM) was then used to test for differences between samples from the different stations. Since the ANOSIM test showed that there were no differences among the Korsfjord stations, but that the Fanafjord station significantly dif- fered from all of them, the Korsfjord stations were pooled and the averages from them were used in all subsequent analyses. The similarity percentages (SIM-PER) routine was used to explore the contribution of different species to the dissimilarity between the 2 fjords. Separate matrices of Bray-Curtis similarities between sampling dates were constructed for Korsfjord and Fanafjord in order to study the seasonal succession. To calculate the similarities between the sampling dates, the abundance numbers were 4th root-transformed to take into account the rarer species. Data from both fjords were included in the construction of a further matrix of Bray-Curtis similarities between the species. When calculating the similarities between species, those contributing < 4% of the total abundance were removed from the analysis and the untransformed data were standardized by dividing the species-specific abundances by the total number of animals in the sample and multiplying by 100 (Clarke & Warwick 2001) . Hierarchical clustering with group average linkage and nonmetric multidimensional scaling (NMDS) were applied to all similarity matrices.
The different developmental and reproductive stages of any given species (e.g. eudoxid and polygastric colonies of calycophoran siphonophores; Aglantha digitale with and without gonads) were combined in the analyses in order to exclude the effect of growth and development within species. The results from these analyses therefore reflect changes in community structure rather than changes within individual species populations.
RESULTS

Hydrography
Seasonal changes and stratification of both temperature and salinity were pronounced in the surface waters (Fig. 2) . During the summer months, a seasonal thermocline developed at ca. 30 to 40 m. Through fall and winter, the warm surface water was gradually mixed deeper and a reverse stratification developed. The surface temperatures in Fanafjord showed a slightly wider range than in Korsfjord, reaching a minimum of 3.1 and maximum of 18.9°C. Salinity was lowest in the stratified surface waters, dropping to < 30 psu during the summer months. The position of the 35 psu isohaline fluctuated between ca. 50 and 300 m. Conditions below 300 m were relatively stable, with the salinity > 35 psu and temperature around 7 to 8°C. In the shallower Fanafjord, seasonal fluctuations in temperature and salinity were observed all the way to the bottom. The CTD data from 4 dates (27 to 28 May, 7 to 8 July, 5 to 6 August and 18 August) were removed from the analyses, since a different CTD unit, not calibrated with the primary unit, was used on these dates. Due to low sampling frequency, it is difficult to define any occasions with inflow of Atlantic water from outside the fjord. However, a definite increase in the salinity in the main basin was observed in December, interrupting a situation in November with gradual mixing of surface water down in the water column. 
Observed species
A total of 49 species or genera were identified during the study (Table 1) . This number excludes the groups Hydractinia spp. and 'indet. corynid'. These groups consisted of juvenile individuals that could not be identified to species, but most likely belonged to those Hydractinia and corynid species mature individuals of which were also present in the samples. Hydromedusae were the most diverse group with 36 species or genera. Seven species of siphonophores, 4 species of ctenophores and 2 species of scyphozoan medusae were also recorded.
Hydromedusae identified to genus level only included Obelia spp. and Zanclea sp., for which medusae cannot be reliably identified to species level (Bouillon et al. 2004 ) as well as Bougainvillia spp. All Bougainvillia specimens apart from B. muscoides were pooled, as they included mostly immature medusae difficult to assign to species based on the preserved material. However, tentative identification suggested that the group contained specimens of B. superciliaris (L. Agassiz, 1849), B. principis (Steenstrup, 1850) and B. ramosa (van Beneden, 1844) , all of which have previously been recorded in the vicinity of Bergen (Kramp & Damas 1925 , Rasmussen 1971 . Six siphonophore specimens from Korsfjord were identified as Sphaeronectes sp. Their nectophores had looping radial canals similar to S. irregularis, S. gamulini and S. fragilis (Carré 1968 ), but their vertically oriented, globular somatocyst with a short but distinct stalk did not fit the description of any of these species.
The vast majority of the species we observed are established constituents of the gelatinous fauna of the region. The notable exceptions were the 2 new species of hydromedusae discovered during the project, Foersteria quadrata and Parateclaia norvegica (Hosia & Pagès 2007 Korsfjord, tentatively proposed by Rasmussen (1971) . The English Channel has previously been given as the northern limit for the distribution of H. areolata (Kramp 1959) . Euphysa tentaculata is a primarily arctic species with a relict population in the Kattegat (Kramp 1959 ). While we only collected 2 specimens of E. tentaculata from Korsfjord, Rasmussen (1971) found several, including newly hatched medusae that suggested that reproduction was taking place at least locally. Our samples also contained a probably undescribed ctenophore species, referred to as 'indet. cydippid'. It was collected throughout the year from Korsfjord, as well as during the spring from Fanafjord. The species is also often observed at mesopelagic depths in western Norwegian fjords during ROV dives (authors' unpubl. data). It seems to grow to ca. 1.5 cm and is reasonably sturdy, since at least some of the animals stayed relatively intact during net collection and preservation. The animal is whitish, with yellowish or pinkish elongated tentacle bulbs. The statocyst is located at the bottom of a short funnel. The ctenes are relatively large with respect to the size of the animal. The very prominent ctene rows are of equal length, starting from the aboral end and extending for 2/3 to 4/5 of the distance to the mouth. There are 2 deep clefts extending from the aboral end for more than half the length of the animal on the sides from which the tentacles emerge. In live animals (ROV footage), prominent horns can be seen above the mouth. Net-caught specimens had generally lost their tentacles, but ROV footage shows that the tentacles can be extended for several times body length and are usually held parallel to the body, emerging from the clefts close to each other at the aboral end. Unfortunately, no specimens were caught in a good enough condition to give a more detailed description of the species.
Species abundance and occurrence
Aglantha digitale (O. F. Müller, 1766) was a dominant gelatinous zooplankter in both fjords (Table 1, Figs. 3 & 4) . It was present throughout the year in Korsfjord and from January to September in Fanafjord. Overwintering individuals were only encountered in Korsfjord. Small individuals were common during March through July (Figs. 5 & 6) . The main peak in A. digitale abundance was observed from April to early May (Fig. 5 ). There was a secondary peak in mid-June, consistent over all stations. This second peak coincided with a drop in the average size of A. digitale (Figs. 5 & 6) .
The siphonophores Dimophyes arctica, Lensia conoidea and Nanomia cara as well as the ctenophore . Grey-scale shading identifies the seasonal clusters identified by hierarchical clustering (see Fig. 11 ). Maximum abundance observed is given for each species
Beroe sp. were also prominent members of the gelatinous community (Figs. 3 & 4, Table 1 ). These species are holoplanktonic, and were found in the plankton throughout the year, albeit with seasonal changes in their abundance. Siphonophores and Beroe sp. were more common in Korsfjord than in Fanafjord. The holoplanktonic trachymedusa Homoeonema platygonon and meroplanktonic anthomedusa Euphysa aurata were also present in the plankton throughout the year, the latter being more abundant of the two (Figs. 3, 4 & 7) . Foersteria quadrata, Margelopsis hartlaubi and Clytia hemisphaerica occurred for large parts of the year, but with a few months' absence occurring during early spring for the former (see Hosia & Pagès 2007 for discussion) and winter for the latter two (Figs. 3, 4 & 7) . The rest of the hydromedusae were observed in the plankton for shorter periods. About onethird of the species were encountered <10 times during the year ( , respectively, in Fanafjord (Fig. 7) .
No detailed seasonal abundance is given for the ctenophores, since these were often badly damaged during collection and fixation, and the samples contained significant numbers of specimens that could not be reliably identified or enumerated. The ctenophore abundances were therefore likely to be severely underestimated. The approximate timing of maximum abundances for Beroe sp., Pleurobrachia pileus and the unidentified cydippid can be seen in Figs. 3 & 4. The lobate ctenophore Bolinopsis infundibulum was also often observed, but could not be enumerated from the net samples due to disintegration of the animals. , respectively. Large A. digitale were almost completely absent from the water shallower than 220 m, but showed a strong aggregation just below this depth (Fig. 8) . The peak abundances were similar in May and October in Bjørnafjord, and in October in Korsfjord: 2.9, 3.4 and 2.9 ind. m -3 , respectively; whereas Korsfjord in May showed a peak abundance of only 0.3 ind. m -3 (Fig. 8) . . Grey-scale shading identifies the seasonal clusters identified by hierarchical clustering, with the exception of 13 February, which is included in the winter group (see Fig. 11 ). Maximum abundance observed is given for each species
Vertical distribution of Aglantha digitale
Gelatinous community
There were significant differences in species composition between the station in Fanafjord and those in Korsfjord (ANOSIM, p < 0.001), but not among the Korsfjord stations. The data from the Korsfjord stations were therefore pooled and averages from them used for further analysis and comparisons between Korsfjord and Fanafjord.
A total of 47 species were recorded from Korsfjord and 33 from Fanafjord (Table 1) . In both fjords, the gelatinous community was in terms of species count at its most diverse from April to June (Fig. 9) . While the maximum number of species observed during the spring was similar in both fjords, the species count during the winter minimum tended to be higher in Korsfjord. The species responsible for the higher winter species count in Korsfjord included infrequently observed siphonophores (Agalma elegans, Apolemia uvaria, Sphaeronectes irregularis) as well as some deep-water hydromedusae (Foersteria quadrata, Homoeonema platygonon, Calycopsis simplex).
The total abundance of gelatinous zooplankton also peaked in April to June, with the maximum densities in Fanafjord about 3 times as high as those in Korsfjord (Fig. 9 ). This spring peak was mostly due to the appear- ance of several species of meroplanktonic hydromedusae in the water column as well as an increasing population of Aglantha digitale. In Fanafjord, a second peak in medusa abundance and species count was observed in September, with Dipurena gemmifera accounting for the bulk of the medusae. During the winter months, the abundance of gelatinous zooplankton was somewhat higher in Korsfjord than in Fanafjord (Fig. 9) . The bulk of this winter population in Korsfjord was made up by eudoxids of the diphyid siphonophores Dimophyes arctica and Lensia conoidea, which were much less numerous in Fanafjord. Looking at the species responsible for the dissimilarity between Korsfjord and Fanafjord (Table 2), we find that Korsfjord was characterized by relatively high abundances of the diphyid siphonophores Dimophyes arctica and Lensia conoidea as well as the ctenophore Beroe sp. Korsfjord also harbored a community of deep-water hydromedusae, absent in the shallower Fanafjord. The gelatinous community in Fanafjord was characterized by a medley of meroplanktonic hydromedusae. The ctenophore Pleurobrachia pileus and, somewhat surprisingly, the holoplanktonic Aglantha digitale, were also more prevalent in Fanafjord than in Korsfjord. A similar picture emerges when examining the 3 species associations revealed by hierarchical clustering of the common species (Fig. 10) . The first cluster contained siphonophores, deep-water medusae and Beroe sp., all species that were more common in Korsfjord and either holoplanktonic or otherwise found in the plankton for most of the year. The species in the 2 remaining clusters were generally more affiliated with Fanafjord, with species in the second cluster tending to attain peak abundances earlier in the year than those in the third cluster. Hierarchical clustering and NMDS plots of samples from different dates revealed a clear seasonal succession for the gelatinous community of both Korsfjord and Fanafjord (Fig. 11) . Hierarchical clustering grouped the samples from both fjords according to season, with a winter cluster, a spring-summer cluster and a summer-fall cluster (with the exception of the sample from 13 February from Fanafjord, which was grouped alone). Samples from Fanafjord tended to be less similar among each other than the samples from Korsfjord (data not shown), and the succession from sample to sample was less straightforward. The winter samples from both fjords were generally characterized by low abundances and species count. In Korsfjord, siphonophores were numerically dominant and relatively diverse during this period. During spring-summer, both fjords were numerically dominated by Aglantha digitale and Obelia spp., with several other hydromedusae and Pleurobrachia pileus also showing elevated abundances. During the summer-fall period, A. digitale and Obelia spp. were less numerous, the species composition of hydromedusae tended to be slightly different from spring-summer (Figs. 3 & 4) and Beroe sp. was abundant especially in Korsfjord.
DISCUSSION
Species composition and seasonal succession
Meroplanktonic hydromedusae were most numerous during the summer, when several species appeared and reached peak abundances sequentially. The timing of the appearance of meroplanktonic hydromedusae in the water column is affected by the factors controlling the production and release of medusae by hydroids, such as light, temperature and food (Arai 1992) . Unfortunately, the exact cues are so far unknown for most species (Mills 1993) .
There were large differences in peak abundances reached by the various species. Several species of gelatinous zooplankton, including many meroplank- ) of medusae, siphonophores and ctenophores in Korsfjord and Fanafjord; seasonal changes in species richness in Korsfjord and Fanafjord. Values for Korsfjord are averages from Stns 1 to 3; SE shown for species count in Korsfjord tonic hydromedusae and diphyid siphonophores, are capable of rapid asexual reproduction, and their populations may thus respond quickly to favorable environmental conditions (Alldredge 1984) . A case in point was the rise and fall of Dipurena gemmifera (was Sarsia gemmifera), which exhibited a massive increase in its abundance (and an even swifter disappearance) in August and September, especially in Fanafjord. The species is able to convert food into asexual reproductive output (medusae budded from the manubrium) within hours, facilitating a fast response to changing food availability. However, D. gemmifera is also strongly affected by low food levels, and thus requires relatively high prey concentrations for rapid population increase (Stibor & Tokle 2003) . The D. gemmifera bloom peaked in September, and was probably supported by the annual maximum of copepods in surface waters, which usually occurs around this time in Korsfjord and Fanafjord (Bjørke 1968 , Matthews et al. 1996 . Less than 3 wk after the observed peak density of 9.5 ind. m -3 in Fanafjord, D. gemmifera had completely disappeared from the water column. A similar seasonal pattern of occurrence was described by Kramp (1937, our translation follows) , who wrote that '[D. gemmifera] appears in July, increases strongly in abundance through budding during the following 3 to 4 mo, after which it suddenly disappears'.
The hydromedusae also differed in terms of how long they persisted in the water column. Euphysa aurata was the only meroplanktonic medusa encoun- . A high average dissimilarity to SD ratio (Diss:SD) implies that the species is a good discriminating species (Clarke & Warwick 2001) . The higher abundance (in Korsfjord vs. Fanafjord) for each species is in bold Fig. 10 . Identified species associations. Hierarchical clustering with the 3 resulting groups at 20% similarity indicated tered in Korsfjord or Fanafjord at all times. E. aurata has also been found to occur throughout the year in the Mediterranean, with the assumption that the hydroids from deep, homeothermic habitats can produce medusae throughout the year without a seasonal temperature trigger (Goy 1991) . Another species found in the plankton over extended periods of the year was Clytia hemisphaerica. According to Kramp (1937) , C. hemisphaerica in Danish waters annually produces 2 medusoid generations that differ in form. The spring medusae live only a few weeks, become sexually mature at the size of 6 to 7 mm and reproduce during the same summer. The medusae produced later in the summer grow larger, overwinter and reproduce the following year. Lucas et al. (1995) reported that C. hemisphaerica in Southampton Water had a prolonged period of reproduction that was either continuous or with the production of distinct cohorts, depending on the year. In Fanafjord and Korsfjord, few overwintering C. hemisphaerica were observed, and these were not very large (Fig. 7) . The largest average size was instead attained in early June. At least 2 distinct cohorts were produced during the summer and fall. Factors contributing to the demise of meroplanktonic medusa populations include senescence, starvation, parasitism, disease and predation (Mills 1993) . Changing food levels and prey composition can shift the competitive advantage from one species to another. For example, while Dipurena gemmifera is very good at exploiting high prey concentrations, it is also sensitive to low food levels (Stibor & Tokle 2003) . Intraguild predation is also common among hydromedusae and semaeostome scyphomedusae (Purcell 1991) , and might be a factor in the seasonal succession of species. Rathkea octopunctata and Obelia spp. can constitute >80% of Aurelia aurita prey during the spring months (Purcell 1991) . Control of the R. octopunctata population by A. aurita has been suggested to occur in the Bedford Basin, where both species also ate large quantities of ctenophore and chaetognath eggs, possibly limiting their population development (Matsakis & Conover 1991) . Cyanea capillata feeds on A. aurita, and may exert control on its populations (Båmstedt et al. 1994) . Of the siphonophores, Apolemia uvaria is known to frequently consume other gelatinous zooplankton (Purcell 1991) . However, hydromedusae are selective feeders, and do not necessarily form a single guild competing for the same resources. Dissimilarities in the resource utilization by species may, for example, be related to differences in predation mode (Costello & Colin 2002) or nematocyst type (Purcell & Mills 1988) .
The only holoplanktonic medusae observed in Korsfjord and Fanafjord were the Trachymedusae Aglantha digitale and Homoeonema platygonon. The latter, a deep-water species, was mostly encountered in Korsfjord. It is frequently observed in the deep fjords of western Norway, something which Kramp (1937) has attributed to advection from warmer waters. However, the consistent presence of H. platygonon in our samples makes us assume that it, like many other deepwater medusae, has a permanent population in the deep basin of Korsfjord.
Aglantha digitale
Populations of Aglantha digitale vary in terms of morphology (e.g. Kramp 1959 ) as well as life-cycle characteristics such as number of generations per year and size at maturity. A single generation has been reported in the Danish Straits and the North Sea (Kramp 1927 , Nicholas & Frid 1999 , the White Sea (Pertsova et al. 2006) as well as the northeastern and northwestern Pacific (Arai & Fulton 1973 , Takahashi & Ikeda 2006 . Two generations occur in the southern Japan Sea (Ikeda & Imamura 1996) , a winter generation and 1 to 3 summer generations have been suggested for Oslofjord (Smedstad 1972 ) and up to 5 to 6 generations for the English Channel (Russell 1938) , although the latter estimate has been criticized by Smedstad (1972) as too high. Our data indicate 1 main recruitment period in Korsfjord from March to May, with a second less pronounced reproduction by smaller females in early summer. The 2 reproductive events are evident in the bimodal size distribution as well as the 2 abundance peaks of A. digitale in Korsfjord and Fanafjord (Figs. 5 & 6) . The main recruitment period obviously started in March (Figs. 5 & 6) , and the steady increase in average size and low size variability at each sampling time indicate the presence of a true cohort, growing from 0.1 cm bell height on 18 March to 1.3 cm on 24 July (Fig. 6 ). Applying the allometry equation log 10 DW = 1.125(log 10 BH ) 2 + 1.268log 10 BH -2.333, where DW is dry weight and BH bell height (Ikeda & Imamura 1996) , and then calculating the daily growth rate G = 100 × [ln(DW t2 /DW t1 )] /t, where DW t2 and DW t1 are from 24 July and 18 March, respectively, and t is the number of days between the dates, gives a daily growth rate of 4.9% d -1 , a realistic value for gelatinous zooplankton (cf. review by Arai 1997) .
Since very few large, overwintering individuals were left at the time of the second peak (Figs. 5 & 6) , it is likely to represent a second generation rather than a second recruitment event by the overwintering generation. In cases with >1 annual generation, the summer generations have been found to reach maturity and spawn at a smaller size than the winter generation; Russell (1938) reported a 5 to 7 mm size at maturity, and Smedstad (1972) reported 6 to 8 mm. A large proportion of the first-generation Aglantha digitale in Korsfjord and Fanafjord had reached this size range prior to the second peak, with a significant portion also having developed gonads (Fig. 5) . Reproduction by A. digitale is followed by falling numbers of large individuals, indicating that spawning is followed by death (Arai & Fulton 1973 , Pertsova et al. 2006 . The production of a second generation in June could thus explain the reduction in the number of animals between the 2 peaks as well as the concurrent dip in size distribution.
However, the bimodal size distribution observed early in the year as well as in June to August and the continued increase in the average size after the second reproductive event suggest that only part of the first generation spawns during the summer, giving rise to the second generation, while the rest grow on and overwinter at a larger size, only first reproducing the following spring. While a clearly bimodal size distribution was seen in January, the second generation spawned during the following summer seemed to disappear through late summer and fall, and no bimodal size distribution was observed at the end of the year. The strength and relative importance of the second generation thus seems to vary from year to year. Rasmussen (1971) also observed young Aglantha digitale in Korsfjord after the initial spring spawning, in August and October. He also concluded that they could not have been spawned by the overwintering individuals, which were all but extinct by that time. However, he felt advection was a more likely explanation than further summer generations, since no large eggs had been observed in the gonads of larger individuals prior to the appearance of the small medusae in the fall. Unfortunately, we did not monitor the production of eggs.
The difference in the abundance of large individuals in Korsfjord between October 2004 and May 2005 (Fig. 8 ) is in agreement with the observed life cycle, whereas results for the adjacent Bjørnafjord indicate a high abundance of large individuals also in May, and thus suggest locally adapted life cycles. A prominent feature of all vertical profiles is the almost complete absence of large individuals above 200 to 250 m depth. With distribution mainly below the sill depth, the risk of advective transport out of the fjord system is reduced dramatically. However, with such a small number of transects, we only have a snapshot of the vertical distribution. Several studies have found that smaller Aglantha digitale specimens are generally found near the surface, but the maturing individuals penetrate to greater depth and are found deeper during the winter months (Russell 1938 , Smedstad 1972 , Williams & Conway 1981 , Pertsova et al. 2006 , which is in agreement with our vertical distribution profiles. A. digitale is also known to perform diel vertical migrations (Arai & Fulton 1973 , Ikeda & Imamura 1996 , Pertsova et al. 2006 ), which was not accounted for in our study.
While Aglantha digitale was consistently present in Korsfjord, few were caught from Fanafjord during the winter months. The overwintering strategy of this species seems to be growth to a large size during autumn (Figs. 5 & 6) and a vertical distribution below sill depth, where advective processes are minimal (Fig. 8) . It is therefore probable that the shallow Fanafjord is not well suited as an overwintering habitat.
Korsfjord vs. Fanafjord
As far as the species composition was concerned, the differences between Korsfjord and Fanafjord arose not so much from different faunas, but from different relative abundances of the common species. Korsfjord was the more oceanic of the 2 fjords, with siphonophores occupying a prominent position. Fanafjord, on the other hand, was characterized by meroplanktonic Antho-and Leptomedusae, which generally require proximity to shallow, benthic environments for their sessile hydroid stage (Kramp 1959 , Goy 1991 . The difference in the number of observed species between the fjords may be partly attributed to the much larger total volume sampled from Korsfjord than from Fanafjord (40 300 vs. 3400 m 3 ) increasing the likelihood of encountering rare species. The probability of encountering visitors from outside the fjord is also larger in Korsfjord; for example, the sporadically collected siphonophores Agalma elegans, Apolemia uvaria and Sphaeronectes sp. were possibly advected to the fjord from outside. Indeed, almost all of the infrequently observed species were collected from Korsfjord.
However, there does seem to be a special community of deep-water medusae residing in the Korsfjord basin and lacking from the shallower Fanafjord. Many westNorwegian fjords contain basin water of Atlantic origin, resulting in relatively warm temperatures. Ptychogena crocea, Calycopsis simplex and Octophialucium funerarium are examples of deep-water medusae found in the warm bottom water of Norwegian fjords, but not on the continental shelf outside (Kramp 1959) . Foersteria quadrata, Homoeonema platygonon, Margelopsis hartlaubi, Parateclaia norvegica, Modeeria rotunda and Bythotiara murrayi were also collected primarily from the deep stations of Korsfjord. Many of these deep-water species were only encountered sporadically, which may reflect either low abundances or, especially for benthopelagic species, that the gear we used was not well suited for collecting close to the bottom.
Potential sources of error
When comparing the abundances from Korsfjord and Fanafjord, it should be kept in mind that our net sampling did not allow for examination of vertical distribution. It has been demonstrated that many gelatinous species inhabit restricted depth ranges (Arai 1992 , Graham et al. 2001 . In the nearby Hardangerfjord, the bulk of the cnidarian community is found in the upper 50 m of the water column (Pagès et al. 1996) . The densities in our study were calculated over the entire haul, so for animals occurring in distinct depth strata, the dilution with respect to the in situ maximum densities was several times larger for the deep Korsfjord than for the shallow Fanafjord. This may in some cases result in the erroneous conclusion that localized in situ densities were higher in Fanafjord than in Korsfjord, while the opposite might have been the case within the actual depth range occupied by a species. For example, several studies have noted that young Aglantha digitale are concentrated in the epipelagial during the summer months (Russell 1938 , Smedstad 1972 , Williams & Conway 1981 , Pertsova et al. 2006 . Our density data, calculated over the entire water column, suggest that the average density of A. digitale at this time was higher in Fanafjord than in Korsfjord. However, the maximum number of specimens per sample was in fact higher in Korsfjord than in Fanafjord (average from Korsfjord stations on 2 May was 1867 specimens, vs. a maximum of 873 specimens collected at the Fanafjord station on 15 April). Assuming the animals were concentrated in the epipelagic, the resulting maximum density in Korsfjord would be more than twice the density in Fanafjord. The lack of vertical resolution in our data also presents problems for making comparisons with studies targeting specific depth strata.
Gelatinous zooplankton has notoriously patchy distributions, making it difficult to differentiate between population growth and its mere redistribution due to advection (Mills 1981 , Arai 1992 , Graham et al. 2001 ). In our study, this problem is somewhat alleviated by the semi-enclosed nature of the fjords, as well as the fact that several stations were sampled on each sampling date, allowing us to compare the situation at different locations. However, we cannot ignore the possibility that especially populations residing above sill depth may have been susceptible to advection to and from the fjord.
A higher sampling frequency would have provided better resolution with respect to population changes. Lifespans of most hydromedusae are probably on the scale of weeks to a few months (Arai 1992 , Mills 1993 , so a sampling frequency of 2 to 4 wk means that we may theoretically have missed some short-lived species with a limited reproductive period entirely, or at least failed to spot their seasonal maximum. The short lifespan of many meroplanktonic hydromedusae, combined with their predominance in the Fanafjord samples, was probably part of the reason behind the larger differences observed in the species composition on different sampling dates in Fanafjord than in Korsfjord.
Last but not least, our study covered just 1 yr. We have no way of knowing whether the patterns we observed are representative of a typical year in the fjord system. Gelatinous zooplankton populations can exhibit significant interannual differences in terms of abundance (Lucas et al. 1995 , Nicholas & Frid 1999 , Ballard & Myers 2000 and relative importance as predators (Nicholas & Frid 1999) . Special hydrographic conditions can also affect the distribution and abundance of gelatinous fauna (Raskoff 2001 , Lynam et al. 2004 , and have sometimes led to the advection of large populations of exotic gelatinous organisms into Norwegian waters (e.g. Båmstedt et al. 1998 , Fosså et al. 2003 . The strikingly different size distributions of the dominant Aglantha digitale at the beginning versus the end of the year suggest that interannual variations are also significant for the gelatinous community of Korsfjord and Fanafjord.
